present in their rats. They point out that in the only reference to the diet of Fibiger's rats it is stated that they were fed exclusively on white bread. In this connexion I may refer to the effect, which I observed in pigeons, of diets deficient in vitamins, in favouring the action of an invisible virus capable of causing epithelial new-growth and of the disease known as epithelioma contagiosurm; and point to the similarity of the epithelial hyperplasia produced by this virus to the papillary outgrowtbs and downgrowths of epithelium figured in some of Pappenheimer's gastric lesions in rats and comparable to the downgrowths of epithelium, resembling commencing carcinomatous change, encountered in one of my monkeys.
If, then, it be remembered that lesser degrees of vitamin deficiency when protracted over longer periods of time are likely to give rise to effects similar to those of greater degrees of deficiency when protracted over shorter periods of time, the derangements in the digestive, absorptive and motor functions of the gastro-intestinal tract and its greatly increased susceptibility to attacks by bacterial and other pathogenic agents, which have been sbown to result from vitamin deficiency in monkeys and in rats, provide reasonable grounds for the belief that vitamin deficiency-using the term " vitamin " in its widest possible sense-is to be regarded as an important factor in the causation of the common gastro-intestinal disorders of mankind.
Dr. W. CRAMER.
In discussing the non-specific impairments of health due to vitamin deficiencies I meet from the outset with the difficulty that I find no justification for the fundamental distinction between specific and non-specific impairments of health due to vitamins.
[Dr. CRAMER here paid a tribute to the pioneer work of Colonel R. McCarrison [14] oni the aspect of the vitamini problem which was under discussion that evening. He said he was in agreement with most of Colonel McCarrison's conclusions. Minor differences in their observations could be attributed to the fact that he (the speaker) had worked mainly with single vitamin deficiencies operating on a synthetic diet with properly balanced inorganic salts, while Colonel McCarrison had observed the effects of the deficiency of more than one vitamin in natural diets where other factors such as proteins of low biological value and a disproportion of inorganic salts were additional factors. He (Dr. Cramer) protested against the extension of the vitamin conception as unjustified; he pleaded for a restriction of the term vitamin to the three food accessory factors, A, B and C. Contrary to what had been stated light could not replace any of the vitamins. Several observers, including himself, had succeeded in rearing animals in the absence of light, but nobody had as yet been able to rear animals in the absence of vitamins no matter how much light was applied. All that light could do in those circumstances was slightly to delay the fatal issue.] He then continued:-I shall attempt to show that both are manifestatlons of specific pathological changes and that in fact the so-called specific deficiency diseases are merely the last links in a chain of events of which the so-called non-specific impairments are the earlier ones. At the present time the existence of non-specific impairments of health is either denied or is disregarded as not being of much account. The reason for this is the peculiar conception which has been formed of the Ltiology of the so-called deficiency diseases. When vitamins are withheld from the diet the growth of the experimental animals is at first retarded and then ceases, so that the animal for a time maintains its weight. It is asserted that an animal in that condition, as long as it maintains its weight, is never-theless in a perfectly normal state of health. For instance, in the recent edition of Bayliss's "Principles of General Physiology," revised by Drummond, it is stated " that a diet wanting in something necessary for growth may nevertheless be capable of keeping up the general condition in a normal manner." Later, the weight declines and then obvious symptoms of disease appear and the vitamin deficienDy is believed to produce its effect on health .from the period when the weight of' the animal declines. It is asserted that all cells require a certain small amount of vitamins. Normally a store of vitamins is present in the body so that an animal can live for a time without an external supply of vitamins by using the store of vitamins in the body and that only when this store is exhausted does the disease make its appearance. It is, as you see, a biochemical conception of disease in which the cells of the body are titrated, so to speak, against the vitamins and in which the specific disease plays the part of the indicator. To a meeting of clinicians I need not labour the point that cessation of growth, and even diminution of growth in a young, growing organism, is a symptom of disease, or at any rate, of ill-health. There is no evidence whatever for the strange doctrine that a young animal, which merely maintains its weight and does not increase its weight, as it would normally do, is in a perfectlv normal state of health. From this biochemical conception of disease another important conclusion has been drawn. It is stated that as a practical problem of nutrition the question of an adequate supply of vitamins is of no importance in civilized countries, because the absence of the specific diseases, such as beri-beri, keratomalacia and scurvy, is in itself evidence that we must be getting an adequate supply of vitamins. For reasons which I shall give I hold this conclusion to be a grave error. I hope to show that when vitamins are withheld from the diet the health of the animal declines at once, and as the deficiency continues there is a progressive series of pathological changes which ultimately develop into the specific diseases. This can be illustrated most clearly in the case of vitamin B. When vitamin B is withheld from the diet a number of changes make their appearance at a time when the animal is still maintaining its weight.
There is a fall of temperature, loss of appetite, constipation, a delayed passage of food from the intestinal tract, a progressive atrophy of the lymphoid tissue which manifests itself by a progressive lymphopenia and impaired absorption of food.
(This was illustrated by lantern slides.) Conversely, when these changes have appeared the administration of vitamin B immediately leads to their disappearance. Dr. J. C. Mottram and myself were even able to show that in a perfectly normal animal the content of the food in vitamin B greatly modifies the food absorption from the intestinal canal. We see, then, that substances rich in vitamin B have an intensely stimulating effect on the functional activity of the whole digestive tract, and of the lymphoid tissue, to which, for reasons given in our paper, we attribute an important function in maintaining the nutrition of the body, a view recently confirmed by Carrel. All these observations were made with yeast as a supply of vitamin B, and if such observations had been made before the conception of vitamins was formulated, nobody would hesitate to conclude that yeast has la powerful stimulating drug-like action on the processes of digestion and assimilation.
It has long been known, clinically, that yeast is a very efficient laxative, and observations are on record by French clinicians on its value as a laxative both in normal persons and in intestinal infections. These have recently been confirmed in a caref-tl investigation by Murlin and-Mattil, but, as you see, the action of yeast which is rich in vitamin B is much more comprehensive than -that of merely -a laxative.
The specific stimulating action of vitamin B on the functions of the digestive tract reminds one of the specific stimulating actions of hormones, and the functional atrophy resulting from the absence of vitamin B corresponds to the functional atrophy in specific tissues resulting from the absence of certain hormones-for instance, the atrophy of the uterus in the absence of the ovarian hormone, the atrophic changes in myxcedema and Addison's disease, and so on. There is a complete analogy between the action of this vitamin and that of hormones.
The diseases resulting from the absence of hormones, such as myxcedema or Addison's disease, do not appear suddenly, but develop gradually. The early stages are difficult to identify and in the same way we have as a result of the absence of vitamins early stages with but slight symptoms, which gradually lead into the more severe impairments of health which we call a disease and which have definite, easily recognizable, symptoms.
In the case of vitamin B, the absence ultimately leads to a complete marasmus; at any rate in rats, the animals, after passing into a deep state of emaciation, die practically of inanition. One important point to which I wish to draw your attention is, that these animals, though they are in this miserable state of nutrition, practically never develop infections spontaneously. They are, however, more susceptible to experimental infections produced by the injection of bacteria subcutaneously. This is due to a weakening of their humoral defences against infection and possibly also to the fall of temperature. On this point Dr, Findlay will speak, and I therefore do not wish to go into further details. But I wish to emphasize a distinction, the importance of which has not been sufficiently recognized hitherto, namely, the distinction between the resistance to spontaneous infection and the resistance to experimental infeetions. Spontaneous infections enter, as a rule, by the mucous membranes of the digestive tract or of the respiratory tract. Experimental infections circumvent these portals, and, as we shall see presently, this accounts for the apparent paradox.
In the effect of a vitamin A deficiency we have exactly the opposite condition so far as bacterial infections are concerned. These animals always develop bacterial infections spontaneously and die as a result of these infections. They are not always in a state of inanition or marasmus, so that this diminished resistance cannot be accounted for by the general state of nutrition. Their temperature is normal unless it is modified by the infection, so that a lowered temperature cannot be made responsible for the diminished resistance to infections. One would expect that in these animals the humoral defences as measured by the serological reactions would be distinctly impaired and that these animals would also be more susceptible to experimental infections.
Several workers have studied this question, and all are agreed that, curiously enough, these animals are just as resistant to most experimental infections as normal animals, and that their serological reactions, such as the formation of haemolysins, agglutinins, opsonins, are just as effective as in a normal animal. This paradoxical result leads to the important conclusion that the resistance of an animal to infections is not represented entirely by its humoral defences. How then can this condition be explained? The infections which spontaneously occur in these animals affect the respiratory tract, the digestive tract and the eye. This is associated with atrophic changes in these organs. In the intestinal mucous membrane there is a functional atrophy of the mucus-secreting cells, as I have shown. In the respiratory tract Mori [151 showed practically the same condition. In the eye there is an atrophy of one of the para-ocular glands, and Findlay has shown that by bath-;ing with normal tears the eyes of animals kept on a vitamin A-free diet the onset of the xerophthalmia can be prevented. It follows, therefore, that these portals of entry to bacterial infection have local defences, represented by the tears in the case of the eyes, and probably by the mucus in the case of the mucous membranes of the respiratory and digestive tracts. When these local defences are weakened by vitamin A deficiency we get at first a local infection of these tissues which remains confined to the tissues as long as the humoral defences remain unimpaired. From these infected tissues bacteria enter the blood-stream and are dealt with there by the normal general defences, such as the clumping of bacteria by platelets and by the formation of agglutinins. Kingsbury and I found, for instance, that vitamin A deficient animals have in their serum an agglutinin against Bacillus coli, indicating that coli-bacilli have passed from the intestine into the blood-stream and there elicited the normal reaction of defence. There is also a progressive diminution in the number of platelets, which are playing their part by attaching themselves to the bacteria and clumping them. A similar thrombopenia accompanying certain infections in man has been demonstrated recently in the case of a common cold and in several cases of pneumonia. If the deficiency persists sufficiently long the constant invasion of bacteria from the mucous membranes of the respiratory and digestive tracts weakens the humoral defences and may eventually lead to a septicaemia.
Eventually the animals die from the direct or indirect results of the infections. The most common condition is a septic broncho-pneumonia in rats. Another change frequently resulting is an antemia. Recently, suppuration of the middle ear associated with a nasal sinusitis has been described as of frequent occurrence in vitamin Adeficient rats. Less frequently there is enteritis. It is therefore quite arbitrary to call the eye disease the specific disease for vitamin A deficiency and to look upon the infection of the respiratory and digestive tracts as non-specific. The reason why eye infection has been regarded as the specific infection is merely that in the living anirrmal it is most obvious. In fact, in so far as the usual cause of death is lung infection, one would, clinically, be inclined to stress the importance of the lung infection.
How arbitrary is this distinction from the clinical point of view will appear from the following statement. In various schools and institutions there have been outbreaks of disease due to vitamin A deficiency long before the vitamins were discovered. They were not understood. The last outbreak reported in the literature occurred in 1913 in a school near Edinburgh; this was investigated by Dr. Macgowan and Dr. McNeil, but they did not describe this as an outbreak of an eye disease. They described it as an epidemic of pneumonia which differed from ordinary pneumonia and which therefore they called a "distorted pneumonia." They only mentioned incidentally that a granular conjunctivitis was also associated with this condition in most children. A few years later a similar outbreak occurred in Denmark in an institution in a group of children receiving a varied diet, but in which no milk fat was given, the children receiving skimmed milk and margarine. At that time the experimental production of xerophthalmia had been demonstrated by McCollum. Dr. Bloch, who observed the condition in Denmark, recognized its identity with the experimental condition and in his account this epidemic is described as an epidemic of xerophthalmia. And he only mentions incidentally that the children suffered from various catarrhal conditions of mucous membranes (broncho-pneumonia, pyuria). Subsequently an inquiry was instituted in Denmark into the occurrence of xerophthalmia throughout the country and was reported upon by Dr. Blegvad [2] in a most instructive paper. He showed that when this condition terminated fatally the cause of death was in the great majority of the cases broncho-pneumonia and in the remainder enteritis. It has long been known that xerophthalmia occurs in association with other infections, and from what I have just shown it is of course easy to understand why that should be so. But those who believe in the orthodox biochemical conception of vitamin-deficiency diseases offer a very different explanation. Bloch, in a recent paper, explains the association of xerophthalmia with infections by saying that infections lead to an increased consumption of vitamin A, and, when children are already on a restricted intake of vitamin A, this produces a deficiency which leads to xerophthalmia. There is not a shred of evidence for the statement that infection leads to an increased consumption of vitamin A, and the whole explanation is simply made ad hoc in order to make the facts conform to the dogma of the biochemical conception of deficiency diseases. I mention this, because it illustrates very clearly how the biochemical conception of specific deficiency diseases limits the outlook on the vitamin problem and indeed distorts it. The fact is that the eye infection occurs frequently after general infections. According to the view represented by Bloch the infection contributes to the xerophthalmia. In fact he speaks of general infections as aetiological factors in xerophthalmia. Miy contention is that in these cases the inadequate supply of vitamin A is just as much responsible for the broncho-pneumonia as for the eye infection.
The experimental evidence which I have briefly summarized is, I hope, sufficient to show that the substances present in many food-stuffs which we call vitamins have a positive stimulating drug-like action on specific tissues and organs. These tissues and organs are dependent for their functional integrity on the continued stimulation provided by the intake of vitamins with the food. There is thus a close analogy between the action of these substances and that of hormones. The latter are drug-like substances provided by the body: " autacoids "' in Schafer's nomenclature. The vitamins are drug-like substances provided by the food: one might call them " trophacoids." In other words: we are not self-contained, but dependent partly on stimuli provided by the environment. If the stimulus provided by these substances is diminished or withheld we get specific impairments of function of those organs which are functionally dependent on them. The severity of impairment of function varies with the degree to which the stimulus provided by the specific hormone is weakened and with the length of time over which this weakening of the stimulus is allowed to act, but however slight the impairment of function may be, it is specific. With the thyroid hormone we have all degrees of ill-health resulting from a diminution in the secretion of this hormone, from slight degrees of hypothyroidism with symptoms which are not very obvious, to complete atrophy of the thyroid with a fully developed condition of myxcedema. But we do not distinguish between myxcedema as the specific disease and other less obvious and earlier symptoms as non-specific. And so we have all degrees of impairment of health, from a restricted intake of vitamins with comparatively slight and not very obvious symptoms to the complete deficiency with its so-called specific deficiency disease. It is quite unnecessary to invent a new pathology for the diseases resulting from dietetic deficiencies and to postulate a factor for each disease as it occurs: a growthpromoting factor, an antineuritic factor, and so on. We do not postulate in the thyroid hormone an anti-myxcedematous factor and a metabolism-promioting factor, Nor do we assert that every individual who has not myxcedema has a normally functioning thyroid.
Up to the present the extensive work on vitamins has concerned itself almost exclusively with the effects produced by a more or less complete absence of vitamin, and too little attention has been paid to the effects produced by the complete degrees of restriction in the intake of vitamin-" vitamin-underfeeding " as it may be called. Though as a general problem of nutrition this condition is of far greater importance, its existence is denied by most authorities. What evidence is there that such a condition of vitamin underfeeding exists, in which health is impaired without any obvious symptom of disease ?
My attention was drawn to the existence of such a condition owing to the fact that in our laboratories rats had been kept for many years on a diet of a uniform composition which enabled them to grow and to breed in what appeared to be a satisfactory manner. The diet consisted of bread and water, boiled maize and rice. The diet was constructed in this way, purely empirically, because it was cheap, easily given, and enabled the animals to grow and reproduce themselves. So far as one could judge by appearances the animals were perfectly well. When I began my, observations on vitamins and, as a result, recorded the growth curves I was struck by the fact that these animals grew much more slowly than animals which were kept on an artificial diet which is always given as a control and which contains an abundant supply of vitamins in the form of marmite and cod-liver oil. On considering the vitamin content of the laboratory diet it was obvious that this diet, although it contained a certain amount of the vitamins necessary, was not very abundant in them. By adding vitamins in the form of cod-liver oil and marmite to the ordinary natural laboratory diet, the general condition of the laboratory stock was greatly improved. The animals grew more rapidly; they seemed to breed sooner and the young were in much better condition. On the original vitaminrestricted diet the older animals developed with great frequency a septic bronchopneumonia: this condition has become much rarer since vitamins have been added to the diet. The difference between the two diets is particularly striking when one studies the effect on a pregnant animal.
The question of the nutrition of the pregnant organism has been the subject of numerous elaborate and careful investigations, all of which were carried out before the discovery of vitamins. The detailed account of the contradictory results obtained will be found in a chapter in Marshall's "Physiology of Reproduction." In the light of the vitamin conception the result of all the work that has been done can now be summarized as showing that on a vitamin-rich diet the mother not only retains enough nitrogen and inorganic salts to satisfy the needs of the foetus, but actually stQres it in excess, presumably as a preparation for the process of lactation. If, however, the diet does not contain an abundant supply of vitamins, the mother loses and the fcetus grows at the expense of the mother'without itself being very much affected in its growth during pregnancy. After birth the new-born suffer also as the result of such a diet, since it affects the milk. There is therefore reason to suspect that in the metabolic disturbances of pregnancy which are related to the condition of acidosis an inadequate supply'of vitamin may be an important atiological factor.
How profoundly the whole make-up of the animal may be affected by such dietetic conditions has been shown recently in an experiment the result of which one may truly describe as astonisbing. The experiment was carried out by Webster [17] in the Rockefeller Institute in the course of experiments on the various factors governing epidemics. It was carried out on mice and it was shown that differences in the race of mice and differences in the virulence of bacteria had considerable effects. Using one race of mice which had been kept in the laboratory and bred there on a diet of bread and a low grade milk which had been pasteurized, and infecting them by means of a stomach-tube with measured doses of a strain of mouse-typhoid bacteria, Webster obtained a mortality curve which gave him 80 to 100 per cent. of mortality. When he took the same strain of bacteria and the same race of mice but kept the mice on a diet which differed from the ordinary laboratory diet mainly by the addition of a large amount of vitamin A in the form of butter fat, Webster obtained a very different mortality curve. Instead of getting a mortality of 80 to 100 per cent. he got a mortality from 10 to 20 per cent. and that, although the two batches of mice fed on the two different diets were to all external appearances equally normal. A difference of this kind between apparently normal animals seems at first quite incomprehensible. But when we remember the effect of vitamin A in stimulating the mechanism responsible for the local defences of the intestine against infections, we can understand the significance of this result. An individual on a properly balanced diet may be the carrier of a pathogenic organism in his intestinal or respiratory' tract without suffering in health as the result, until owing to a dietetic error his local defences are weakened. Such a condition was illustrated by Colonel McCarrison in his experiment on monkeys to which he referred. In the light of such observations it is difficult to overestimate the aetiological importance of vitamin-underfeeding on the'intestinal and respiratory tracts.
It may be objected that these results were obtained only in animals living on a uniform diet; that where vitamin-underfeeding occurred in man it was in institutions with prescribed and similarly uniform diets and that such a condition is not likely to occur in the general population of a civilized community free to choose their food. This objection is negatived by the experience of Denmark. That country is mainly an agricultural country which has a main source of its wealth in the production and export of dairy produce. It has been possible to show from statistics that from 1909 till 1917 there was an increasing export of milk fat with an increased substitution of margarine for butter and a decreased consumption of milk fat. During the end of 1917 the importation of margarine was stopped owing to the blockade. As a result the people in Denmark had to increase their own consumption of milk fat in order to satisfy their own needs. In order to guarantee a sufficient amount to everybody the Danish Government rationed butter, so that during 1918 and 1919 even the poorest classes who had previously consumed margarine and skimmed milk noWv received half a pound of butter a week per head at a fixed low price. The investigation of Blegvad [2] on the occurrence of xerophthalmia in Denmark shows that from 1909 to 1917 this disease increased in frequency in a manner exactly parallel to the diminished consumption of milk fat. During the years 1918 and 1919 when everybody received butter, the disease suddenly disappeared almost completely, to appear again in 1920 when rationing had ceased. At the same time .there was during 1918 and 1919 a sudden diminution in the general mortality of infants.
The experience of Denmark shows clearly that as the result of economic factors underfeeding does occur in the population of a civilized community living on freely chosen diets. From what I have said before, it is clear that the extent to which the health of the general population suffered is not measured by the few hundred cases of xerophthalmia. They are merely the high water mark indicating the maximum to which economic pressure affects the dietary of the people.
The same factors are operative in this country and indeed in every civilized country. Butter is replaced by margarine, skimmed milk is used instead of full milk and even full milk is partly deprived of its content in vitamin A by being pasteurized or boiled. What is true for vitamin A applies equally to vitamin B. For the poorer classes this vitamin ought to be supplied mainly by cereals-in other words, by bread. But white bread is practically free from vitamin B. The children of the poorer classes in whose dietaries bread and margarine play a large part are cut off from their main supplies of vitamins A and B.
I have tried to collect the evidence which I have placed before you from as many different sources as possible. We have seen that a restriction of the vitamin intake must be made responsible for numerous conditions of ill-health not generally suspected as being caused by dietetic errors. There is further the possibility disclosed both by my observations and those of Webster [17] that differences in the vitamin intake need not even manifest themselves by obvious symptoms of ill-health but may impress themselves upon an apparently normal healthy organism as a lasting weakness which discloses itself only when the organism is exposed to a strain. If you consider this evidence is it not clear that the discovery of these dietetic factors has placed in our hands a therapeutic and prophylactic weapon of quite unsuspected possibilities in improving the health of the community ?
